The ability to hydrolyze starch is a property that is scattered among streptococcal species in 3 of the 4 physiological divisions described by Sherman (1937) 
The ability to hydrolyze starch is a property that is scattered among streptococcal species in 3 of the 4 physiological divisions described by Sherman (1937) , the exception being members of the Enterococcus. A single reference to a starch hydrolyzing enterococcus is Mann's (Mann et al., 1954) report of a "starch-fermenting Streptococcus faecalis." Outstanding among the nonhemolytic streptococci for ability to hydrolyze starch is Streptococcus bovis and to a much lesser extent, Streptococcus equinus and some strains of Streptococcus uberis. Streptococcus thermophilus is reported to attack this substrate "on a favorable medium" (Breed et al., 1957) . Sherman (1937) rumen and being found throughout the gastrointestinal tract of cattle, S. bovis is a well known inhabitant of the alimentary tract of man, as well as of the horse and the pig. It has been isolated from milk, a number of vegetable materials, vacuum-dried eggs, and is the etiological agent in a number of cases of human subacute bacterial endocarditis. A variant described initially by Orla-Jensen (1919) , S. inulinaceus, has been found in the livers of diseased turkeys (Harrison and Hansen, 1954) .
It has become apparent that starch hydrolyzing streptococci from various sources, examined by different investigators, do not always conform to the species description of S. bovis found in Bergey's Manual of Determinative Bacteriology.
The nonconforming organisms, however, seem to be more closely related to S. bovis than to other nonhemolytic starch hydrolyzing species. An examination of various reports suggests that the situation may be analogous to that found among the enterococcal varieties, namely, that a complex exists, comprised of a central dominant species which shades off into varieties differing in one or more measurable reactions from one another, and which are scarcer and hence less frequently isolated.
MATERIALS AND METHODS
Cultures. In the work to be described here a collection of starch-hydrolyzing streptococci was assembled from freshly isolated strains of various origins, and from strains supplied by a number of investigators. A summary of the information on cultures is given in table 1. Those cultures from human sources are too few to permit a general comparison with those from animal sources which make up the bulk of the collection. Raw samples of various types were diluted with distilled water and pour plated on starch agar. These were incubated at 37 C for 18 hr. Gram's iodine was poured onto the plate, the excess poured off, and from colonies showing hydrolytic zones, transfers were made immediately into thioglycolate broth. In spite of an early report to the contrary (Andrewes, 1930) , this proved to be an effective and direct procedure for the isolation of starch-hydrolyzing organisms. The short period of contact of the colony with iodine did not reduce the number of viable transfers and did not impair subsequent growth. Thioglycolate cultures were streaked on the same starch yeast extract tryptone agar from which they were reisolated to thioglycolate broth. Growth in thioglycolate broth was accompanied by slime formation which was evident in the stringiness of needle or loop transfers. Most cultures, in a way characteristic of S. bovis, were prone to die in 2 or 3 days in beef infusion or yeast extract broth. The life of broth cultures was extended considerably by the use of a highly reducing medium. Catalase positive cultures and others that were obviously not 1960] streptococci were rejected at this point. Although an occasional isolation appeared to be a lactobacillus, streptococei made up the bulk of the flora from both fecal and rumen samples, and sodium azide functioned effectively in repressing the growth of unwanted organisms. As was anticipated, members of the enterococcus group showed up frequently among isolations from inulin agar and blood agar plates. Starch negative cultures, which grew in 6.5 per cent NaCl, at 10 C and 45 C, and which formed NH3 from arginine, were not studied further.
Starch hydrolysis as it is discussed and considered here, refers to agar plate cultures as examined by iodine. Starch fermentation, a test involving the measurement of lactic acid production from starch, is not necessarily correlated with the iodine test. A case in point may be S. thermophilus which is noted for its inability to ferment maltose (the constituent disaccharide of the starch polymer), fails to form acid from starch (Orla-Jensen, 1919) , and yet has been reported to hydrolyze starch under appropriate conditions (Breed et al., 1957) . RESULTS 
AND DISCUSSION
The reactions of this collection of starch hydrolyzing streptococci are summarized in table 2. The reactions of S. bovis as have been described (Breed et al., 1957) are tabulated for comparative purposes. In spite of being of diverse origin, this group of streptococci is in fair agreement with the species definition. Certain points of difference appear, however, and will be discussed.
The fermentation of xylose listed as "sometimes" (Breed et al., 1957) has generally been recorded as negative or questionable for S. bovis, the one positive report that has come to our attention being by White (1944) on a single culture from a case of subacute bacterial endocarditis. The data of Orla-Jensen (1943) and MacPherson (1953) indicate some increase in acidity from this substrate but not to the extent expected in the usual fermentations. With the exception of certain strains characterized as S. inulinaceus by Orla-Jensen, others examined by Hucker (1928) and Harrison and Hansen (1954) are reported to be negative or questionable on xylose fermentation.
To supplement these observations concerning xylose we selected at random 51 straiins of starch The inability to ferment sorbitol was correlated perfectly with starch hydrolysis in our collection. Orla-Jensen (1943) and Hucker (1928) recorded occasional strains of S. inulinaceus as fermenting sorbitol and Higgenbottom and Wheater (1954) reported S. bovis to be usually negative in this respect. As with xylose, the evidence indicates that the combination of sorbitol fermentation and starch hydrolysis is a rarity. Many sorbitol fermenting streptococci were isolated during the present study, but all proved to be S. faecalis or similar varieties.
The reaction in litmus milk recorded for S. bovis (Breed et al., 1957 ) is acid production with reduction and coagulation. This corresponds to the reactions of about one fifth of our cultures, the far more common reaction being acid production only. Reduction did not precede coagulation when the latter occurred. Reports by other investigators list a variety of results, most giving acid or acid and curd formation. Higgenbottom and Wheater (1954) property as a species description because it did not characterize his later isolations. Our proteolytic strains were obtained from 3 sources: cow and calf feces and milk. Proteolysis tended to be slow, proceeding from the surface of the culture downwards. After 7 days of incubation these strains showed the usual yellow serum in quantity that unmistakably distinguished it from syneresis.
The "occasional variation from the type reaction," which when taken together with more profound variations justifies the use of the term the "bovis group" (Sherman and Stark, 1931) , was recorded on several test media. Of the 95 starch hydrolyzing strains, 7 hydrolyzed sodium hippurate (all from cow or calf feces), 2 formed NH3 from arginine, 1 fermented glycerol, and 5 oxidized glycerol with acid formation. Cultures which showed reactions that varied from the dominant pattern were scattered with respect to their origin and no relationship between distinctive biochemical properties and origin is evident as far as properties have been determined. It is interesting that none of our starch hydrolyzing strains grew in 6.5 per cent NaCl, hydrolyzed gelatin, fermented sorbitol, fermented xylose, or grew at 10 C.
A small number (6) found as a predominant organism in the rumen of sheep with acute indigestion, as well as in normal animals, produce distinct clear zones (ft-hemolysis) around the colonies on horse blood agar, when incubated under an atmosphere containing 5 per cent CO2 (Dain et al., 1957) . A relationship between extracellular polysaccharide formation, mannitol fermentation, and type of hemolysis on horse blood agar has also been described (Dain et al., 1956) . The mannitol poqitive cultures in the present collection, none of which formed obvious dextran on sucrose gelatin plates under C02, were from several sources; 3 were proteolytic varieties from milk, 2 from cases of human subacute bacterial endocarditis, 1 from deer feces, 1 from camel feces, and 1 of undesignated origin secured from the American Type Culture Collection.
The similarities between S. bovis and S. equinus have been appreciated for some time (Sherman, 1937) and the wisdom of retaining these 2 separate species has come under closer scrutiny in recent years. Aside from the inability of S. equinus to ferment lactose, no significant differences exist in our present definitions and knowledge of the species. S. equinus hydrolyzes starch on plates although Orla-Jensen (1943) Traditionally, the origin of S. equinus is horse feces, a source, however, that has also been reported for S. bovis (Higgenbottom and Wheater, 1954) and confirmed several times in our own laboratory. Origin alone cannot be considered as ground for separating species. A lactose negative culture isolated during the present study could have been placed with either species, being indiscernible from S. bovis on any other criterion, and yet conforming in all ways to the definition of S. equinus except that it fermented mannitol.
A reaction that seems to offer promise and be worthy of further exploration as a means for distinguishing between the mannitol negative strains of S. bovis and S. equinus is the stimulation of dextran formation from sucrose under an atmosphere of CO2 (Dain et al., 1956) . In a limited survey, 15 strains of S. equinus did not form polysaccharide that was either visible on sucrose gelatin agar plates or detectable in sucrose broth cultures by the precipitin reaction with type II pneumococcus antiserum (Burroughs-Wellcome).
The fermentation of arabinose, a reaction that Orla-Jensen used as a partial basis for the separation of S. bovis (+) and S. inulinaceus (-) was one of the most variable reactions in our hands, the cultures being almost equally divided. The retention of S. inulinaceus as a separate species was questioned by Sherman (1937) , and many workers consider strains conforming to its description to be variants of S. bovis. Harrison and Hansen (1954) preferred to retain the species name on the ground that this organism does not ferment arabinose and is weak or negative on starch. The correlation between weak starch fermentation and the failure to ferment arabinose did not hold in our study. Strong starch hydrolyzers, identical in other reactions, differed on arabinose. A culture of S. inulinaceus secured from Dr. Hansen, failed to form dextran from sucrose under CO2 and did not hydrolyze starch or ferment mannitol. The interesting observation of these authors, that several of their isolations reduced litmus milk rapidly before curdling and reduced 0.1 per cent methylene blue suggested a kinship with the enterococci. Further work along the lines of applying additional tests may drive the wedge deeper and lead to a clear distinction between those organisms.
The emphasis placed on the fermentation of arabinose by Orla-Jensen, and the report of Seeleman (1948) who recorded a negative reaction for S. bovis led us to the assumption that perhaps the different findings had a basis in the particular isomeric form of arabinose employed. The same 51 cultures previously tested on 2 forms of xylose were inoculated into L(+)-and D(-)-arabinose broth. The D(-)-form was not attacked and the variation in reactions given in table 2 occurred on the L(+)-form. Hungate (1957) reported that 18 cultures of S. bovis isolated from the rumina of cattle and sheep failed to ferment D-arabinose and varied in their ability to attack L-arabinose.
In addition to isolations from bovine, caprine, and ovine sources, starch-hydrolyzing streptococci answering the description of S. bovis were found in feces of a number of zoo specimens of ruminants including the dromedary camel, red deer, American elk, Arabian gazelle, and the alpaca. Failure to isolate these forms from two other ruminants, the llama and the vicuna may possibly be attributed to difficulties experienced in the handling of samples. Strains from these sources were not distinguished in any way from others in the collection. Thus, starch-hydrolyzing streptococci appear to be broadly distributed among ruminants, at least under conditions of domestication.
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